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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To allow a low driving voltage 
regardless of the work function of a negative electrode material by 
doping an electron accepting compound having the property to 
oxidize the organic compound constituting an organic layer to the 
organic compound of a portion kept in contact with a positive 
electrode as an electron accepting dopant in vacuum by the co- 
deposition method. 

SOLUTION: A glass substrate 1 is coated with ITO having the 
sheet resistance of 25 U/(square) as a positive transparent 
electrode 2, aNPD having a positive hole transportation property 
and ferric chloride are co-deposited into a film with the thickness 
of 100 &angst; at the mole ratio of 1:2 at the deposition speed of 3 
&angst;/sec under 10-6 Torr to form a positive hole injection layer 
3 on the positive transparent electrode 2. The a NPD is vacuum- 
deposited to the thickness of 500 &angst; on the same condition as 
a positive hole transportation layer 4 on the positive hole injection 
layer 3. Tris (8-quinolinolate) aluminum complex is formed at the 
thickness of 700 &angst; on the same condition as a luminescence 
layer 5. Aluminum is deposited at the thickness of 1000 &angst; at 

the deposition speed of 15 &angst;/sec as a back electrode 6 serving as a negative electrode. The 
maximum luminance of 4700 cd/m2 is obtained at 12 V. 
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F-'O r £ trKSg*-C^^«<D^{cJ: 0 

[ts*92] iii^ictt®j&?<c*»i>T. ±fam^- 10 

F-'O h #*8«{b^a> 6ft £ W«* una 

[«3|8B3 ] iftJJSB l *»J:O t 2BttoMR-?«:*»i»r. 
JbE«r*8tt '<> r WttikJBZlft.- WbTJW 5 - 
•>A. ttft^y*>A. atft-f^-JrA. E.mt7>** 
>*?©;u A XMfb6«M»6 ft -5 W«i u * h 5 * * 
■fe> HR-?. 

[W3J0I4J «*iiE«©*qF«:tet»"r. ±tBm^ 
SStt F -'Oh a*W«Hb£«J*» 6 ft itlx u * h a 
;U = * v-fe>rJR-3% 20 

[111*3(5] S9j#S 1 GtiCH*?fc*c*T. H^gS 

*fl/T. 0. 1~1 Or&SWtSixl^ rCUl>5*s» Hz 

[89*^ 6 ] 1 IB3S©IR^-«:*JC>r . MB© 

ff«M© h - * AM* 2 0 0 0 A£jg* * Jllg©WtS 

[AH<z>Mll«tll»n 
[0 00 1] 

mffi&m*miiz. ^mftm*&n®i*icmm2ti 30 

3R^) KWT**>©"C&S. . 
[000 2] 

[«e*cDsas*jj:y-€-©ms^] ?&ftji#?rm^*> 

68*^3 ft SWtSxu* ha;l/5*5--fe> r^-?«> ffi 
mfflSE86©^fflSa^iF*ll3S-r* «>©£ LT&S S 
ftT(,>*„ Tang^ttSR^iKSmb©*:*. 1>T*SI 
^©JSftSWflWb^BJfcSJBU iETLi^^-g-n-e 

^«>Wt5S©lg/|C«r2000AJyTi-r.5CiT t 10V felT 40 

<Dtvimmv 1000 cd/nf inspa^sd^ i %<omm 

{btC+^ftiSEJf K^*f#* C £ KfiRJft L/c (Appl . 

Phys. Lett., 51, 913 (1987).). C©j£$&^^F-&C*J 
OT. Tang6ttS*^{C«fii^5<b*ft$n-5Wta{b^ 

tc^ur. ^p«fis^6m^aA-rsi««:wjS<i:ft5 

<. *£;TC*S©£. Wt»a®^©*£t1£K2LA>© 
■CtbtSW^-C. La>fc*8g?att?g^fe©J|<,>Ag 
(IB) £«>£#«:<£ 9 ££fbL-CJB<,>fc. £/c. so 
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-©iE?LaA«:*jt»T», 3fe©ffi±©BSati©£«te*> 
6. P8®£L,rs^ft^b«jmS£or I TO ( I n d 

ium Tin Ox i d e) »?>h5Ci^ 
<« C©«S©tt*M^*i~5. OeV^b&fl'jASOC 
£^6«M-r<5iE7L^3^i4W«iiBJ<!:©*-5 ?*tcjfil,> 

r£fiaELTt>*©tt®M©#»£l>-?-CM 
l >. Tangfc ttfiBS^B© 3 > * * F * H(C?fc# L T^^F- 
©fi«ffi{b*l|31T-5A:»(c2 0 0AWT©MJ1©^7 
ara^r-x OTCuPc) *BB@£iE7l*&j£1<fe*r8l 
!&j£©|fflK:itAL7c. 

[0003] ^V^^T^^tt©^-7-«AlSA^ 
©*£BB6©ffi3&L/c;* h^©T';-^T 5 > 

t±mw&# i t o <fc «? 4>/Jns < . &tt]Efimffio®$)m. 

*>J*$&KJ*$<-> £t> -5^® 0 <&itIHb£ £ fetc^ffi 
©a>** h%#fc«fc-5-r. iii^lii^©3c5£ttcc^^ 

?$a>6xt>:3- h^©^^«:j:o-CR!clgTJ-i*-c» 

S^S^ftt^b^*iE?LlijMf4«^tC^J&^ UT^ 
*i?§*8£-r -5 *>©#*£. Partridge txjl/*;U 
(J^TPVK) ©i?^any ^ >jSSt<t>«:«-7- 
««tt{fc^«li L.-C2«{bT>^*>( «TS b C 1 s 
) ?r^L/PVK©*©)g-C«l51L/ft(,^-5 » ^ 
me£?rSISdU/c (POLYMER, 19S3. vol 24. 3un 
e) „ C©«£SbCl, BJW^Iil/TPVK®* 

^N-y-;u^>^> h^^bS-S^^f^^^-^^*^ 
RS3H*-Ct>-5>. <fc=t;t6i-l-5. Partridge ©ffifflL/cS 
bCl, «SS-C«<*t?*0, ^mtpOTjc^iJSJSL-C 
b » -A^^fe-r <5«£iSt514©il5C^U-/ Xii{b^5r 
* 4 a^rStt^BJa© yo-^^x4i-cPVKig 
fE3-a-6£3f^ft^^JSL. A^*r*>i;b©&^3£ 
«:^*5nJffi£ft-5. lfcAi-5tCO^t»ITO*>6 
©IE?LaA)l©fiSaSS£ L/T^^^^cl^S 

2 n x =1 > ^ 5 * - is 3 >©ft C^lSiKKRSI^fcH -5 £ C 
£tf . Partridge <0*tt4*©* U"C «>»IK 

^^Jd«t«44>©^««J^©K»'C3R J ?-©3c3£iB«)K: 

[0 004] 

[^bj©@w] feLh©*tf{cffi*rftsn/c 

t>©T*D\ JE7W»Sli4W«)B«c I TOaWSffi*»6iE 

©ft*H^«cMto6rig|g»«ff « C £ ^sw 

£f*. 
[0 00 5] 

«i:-5TF-f>y-rs£. m&*> hmmmm^ojE^a. 

A»«*»^S<ttO. ISail^I£ ; S:fiT$-&*C£*i-C^ 
5C £*S(,»taLT^3*i/c4>©r*i. Tftto^. 
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l *> z&mzm?z>m*&®&<t'&®)zm*&&n. f- 

fcCi^aiUtUS. W«E LSB^TBPigffi*»6g 
2|^(c«^!8ir*^WtSUS^©iE?LaA3a?l«. P©@^ 
ffi-ca^frfcMb^oBMb. -rftto^^s?*^*^*^ 

SI©^fi£"C*4 (Phys. Rev.Lett., 14, 229 (1965)). 10 
SBBIT* W&S F - tf > ^-T J: 0 . H@flS 

tttt) ©5H^#£-rS<D-C. iE?LaAx*^^-WS 

[0006] m^-s^tt f-/<> f «. n*$&&cm 20 
«Kb^»*BMk^*tt*t*W"rn«. **Hb£*ret>*r 
«wb£*rrfc«ffirs. juttttcB. mitm=&*>. * 
itT)iz-v&. mtrtWA. ttfk<r>2?9A. £fc 
<br -f *BMb6**»»cffli»* c 4 # 

ft*. *r8Wb£*J<D«£B h'JihQ7Wl/y 
WHHSttfb^** F-'O F 4 OXWStCteffiT* 

a. K{b^gj*^«(c«fc •orw«MS(c f- e> y-ra 
*ffi«ctec»r. «tfb*rafrt». *{b-f >t>$A*©Jt« 

< K3«Brt©SlEE*»r5£©*£BaaTK:«T tti^te 
B> i- K;W<A^v^ 70-3>ha-7-©J:5 
tc*V7 a P3P&) *a>f a-*ur3M»lEE*« 

■C^JPtcjr^-C^EE^a^ha-^UTt^*. C© 

#5A«±fr*C4)W*C». C©WSJBB*R«*g© 

J**fcUTfc*W«EEJJ**<>fc6TC 4 #&(,»©-£ 40 
*Sm©&tt&j»ir©*ttE L^^OJg^J: O fcg< 15 
5£T 4 C 4 GC J: •) J®&©/S;l$14* *ttK««"r £*K4 

-jO h 1 : 0. 1 — 1 : 1 0©«SH-C*2>Ci 

-^OMcJ^BMbSlufc*}^- <«T. BMb#*-> ©ig 
S*iffiT * F— hf> y<Dj&3l*i/h3 < . 1 0 <g£M* £ 50 
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[0 00 7] 

[^©HS&fcJS] BIB, #&93(tJ:**rtSEL&iF- 
ffi) 1±«CB. «cc. Hl@1Iffi*fltJj£T£Si|l!1I&2. 

s^g^&fb^r F-t->y$ftfciE?tf£AJ§ (W« 
*i6©g& <e) ©s*>. u^xwiB. (vhsk) 1 . 

6 BJSfclWgjR'C* 0 . iE?U$AJB3 jW*I6WC|BBL 
flWtiLrtt. C©fl&> l©fe/iE?Li£A®/iE?Lfft^ 

<rtlTC F - K> ^ 3 ti/ciE?Li£A@ 3 £fi§@S®2 i © 
[0008] »U, *^«SUg40rffiffi"C# 

•fe>. 7x^>H/>j&i*©)ffi^«^fb*^fb^)& 

^*-9-'j>. 7*^^>*£©#a^ifi3saMb^j*jJ:af 

«:^«c i'^r^tf 5 C 4 * -5. 
[0009] */c. ^P8Bg63-295695 ^P3¥8- 
22557 #&$R. «H 3 P8-81472 #18^5-9470^ 

^ffi, »H¥5-i7764 -^««:BimSnTC>*^BI*u 

-Mgft^b^gJ. WK^R+U-Kt**^^^ F^ 
WCB. h'J^ (8-+/'J/7h) 7JH^'7A < 
(Mr/<J/?F)7Wi")A. ['<>'/ (f) - 

8- +/'J/7F] ffilfi, tTX (2-^^-8-+^^ 
9h)7*S-9A, h'U (8-+/'^7h) Of 
■i/A. F (5-y?;U-8- +^ 'V7 h) 7ASi') 
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A. 8-*^»J^^ h A. h y* (5-?aa-8- * 

/y/vh) ^'J-ja. trx (5->oa-8- 

[0010] #^^5-2020ai^$8. #g3^7-17S394# 
#BI¥7-278124#£8L !J#B3¥7-228579S|&$B{C 
Pg^SnXO^^+tT-^T^-^S. *$f?J¥7-157473# 

stfawnSftTos h yr^>a. ^¥6-20396^ 

;ur >; - u>g§iift l5BB¥6-i32080*Hfc«*»«HPP6- 
88072 ^fatc^stiTt^^^u^^. 

6-lO0857#^-^B8¥6-2O717O^£3gCC 1^ 3 ftT l> 

[oo i n $6«c» •o!/**i^»y-JWR. ^>y^ 
T9-n>m> sov-{ 5 ^y~;w«c£*<DM7Eits#i*> 
fieffl-ct. ^8859-194393 #&«tcra7j*3*i 

^ (5,7-ix-t- ^.>?-JU-2-^.> N /^+-9-V'JJl') -1,3, 20 
4- f-T'/-^, 4,4'- (5,7-t-^>^Jl/-2- ^> 

'/^iTVy.rt') .X^-IKX 4,4'- [5,7-i?- 
( 2 -y?-Jl/-2- -2- "C>^**"9-»yV*] ^5=- 

Jl^O, 2,5-fcTX (5.7-i^-t- ^>^;U-2- 

•y-yy^) 2,5-trx [5- (a, a-t^?- 

JW-OS/JW ^-O^+t'/'UH 9-*7x>. 2,5 
-t^X [5,7-^- (2-^f-;U-2- zmi>) -2- 
+1f'/y;U] -3,4- i?7i^W7i>, 2,5-bfX 
(5^t?*-2- ^>l/^+-y-yj^) ^*7x>. 4,4' 

- trx (2-<>7*+l/-V i J;i') 5-y^;i' 30 

_2_ {2- [4- (5-.* ^)V-2- '<>7*WJ;l') 7 x 

-ji<] t^b) 2-[2-(4-^na 

*<>!/*+lJ-*/-**. 2,2'-(p-7iil/>ytiU 
2- {2- [4- (2-^>y-Y 5 jT'/VJU) :7x~;t0 tf- 

JU) ■<>VW 5 #V-;k 2- [2- (4-^;t-rK^^7x- 

- £*<D3t:)tyt SffJtf^tf 6 ft £ . 

[0012] ^x^y^>-fe*>^b^8»£ UTB. fll 40 
*«BWH#f¥J&0373582 #Bj|fflSK:pg7S3n-Ci^4>© 

(2- ^JkX^yJl') 1,4-tfX (3-^^;U 

x^yju) 1,4-^x (4-> ^-;u^^y;u) 

>-fe'>. ^**-y;i''«>-tf>. o-x^ux? 
yju) •^>-tf> > 1,4-^ O-x^x^y;!/) 
>. 1,4-bfx (2-v^^x^y^) -2- y^;l/-o-fef 
>, 1,4-trx mxZ-Vil) -2- i5=-;l/^>-b'> 

[0013] S/c. #gg^P2-252793#^«^ga^3*l-C 50 
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bxmmct&-e*z. zommtoxK. 2,5-^ 

* (4-^ ^Jl/X^-yjU) f5^>. 2,5-tfX (4-X^;l> 

x^yno t7y>, 2,5-trx [2- U-i-v 

)i] t:?^ 2,5-brx (4-jt h*s^x?-y;i/) f-5t/ 

>, 2,5-fX [2- <4-lf7 xx;l/) fcfxji,] t^i?>. 
2,5-tTX [2- (l-tUX.ll,) tx;U] t7y>^£^ 

[0014] ^-©ftk, BWH1#f i F^388768^^ifflS-^l§ 

¥3-23i97o^£$R«:gg7n3ft-ci,>*^^ y f** 
t**SS3teJl. S^i&i<Dttf4£UTffll<>*C £*>-?£ 

■s. -e©fW4£L/-rw. 1,4-7 S iu>y^«;f< 

>, 4,4'- 7xXb>i/yf'Jf^, 2.5-*J/yU> 

?';f^> 2,6-^-7 *-u>s^< y 5* -< 1.4- 
^^yf r ^>, 9,io-r> Y^^ 1 * 4 4 

4,4'- (2,2- V>-t- -?=f-)\s7 *=-)\/\Z~)\s) t7* 
4,4'-(2,2-^7x-;l/tXJl/) t7xX;U % % 
£\ R^Cn6©i|iS(*^. ^13^6-49079 WtM. ft 
H :s I I 6-293778^-£r#gW:ia^SnTC^->57- 5 
ft, ^Pgip6-279322#^. ^^6-2 7932 3^^«{C|3 
TSSnr^S^W^X^yjWb^gj. #^6-107648^ 
■2M-&&§%¥-6-92947 ^2tmcffi7K2tlXl>2>**r-9-is 
TV-)l>Wim#. i^|gsp6-205865^«K:Pg^;3n'CC» 
S T > f- 5 i2 IsVC&to. ^F^^F6-145146^^$a«: fflm 3 

nt:i»-5**^*-r \-mm#, ^pg¥4-9699o ^t&mc 

^3-296595^ffi{C|g^$ tlXmm®L='3&it'&®>> 

3 6tc«« #IB ;s F2-i9i694#^««:|am$tirt,^^v 

v>mmw. ^pa^2-i96885^^K:g8^3n-ci^-4 

#PB ;s l i 2-2 55789^«:^3tl-CC^^-7 
dfU>g|«ft mm¥-2-289676m&Z?ftm¥-2-88689 
■SMlCfflTfiZtxX^Z? ZU^V ^>SI«ft. #^2- 
250292#^tCP^3tltTC^X^ y ;UT 5 

fflStlT l^^ftJO^O^rjaiWl*^ C £*i"C# 
[0015] iE?Li£AJlC K-f>^®) . iE?L^ 

m, jE?mm&&%m£oxmm2tiz>TV--)\>T5.> 

it^mtVXit, ^tCK^li^l^. ^gB¥6-25659 
nOM. 1fgi^6-203963#^#a. 1^^6-215874^ 
fB. «F§8¥7-145116#<2^g. ^^¥7-224012^<2>$g. 1f 
^¥7-157473^^. «f^^8-48656 ^^7- 
126226^^fR v ^¥7-188130#^, ^^¥8-40995 
^PB¥8-40996 ^-£M. ^§9^8-40997 ^ 
^^7-126225-^12^. !}#i§¥7-101911-^^$a, ^ 
mW- 7-97355 ^&mcm7jk2tlX^ZT y — il/T 5 XI 
^)S*i»*L/<. «*W. N.N.N'.N'-^h^^xXjU 
_4,4--^T 5 >7i-Jk N,N'- i?7x-JU-N,N'-i? 
(3-^ ?Jl/7i-Jl) -4,4'-^7;/t7x-^, 2,2- 
fx (4-i^-p- h y -rt/T S ^7 x-;U) 7'0>'<> > N,N, 



(5) 



N\N*-f* h^-p- h 'JiM^'-i/T^ S\ZV x~;k t: 
X (4-^-p- h 'J ^7 3 ^7x^1/) T7x^;U^£>, 
N,N'- 2'7x~Jl/-N ( N , -5/ (4-^ h*^?x~rt/) -4, 
4'-^7; ^^"7 x^;l\ N.N.N'.N'-^ h77*^JM, 
4'-i/7^^7a;^JH-^k 4,4'- t^X (^7x 

l.i-tf* (4-^-p- h'J7^7*^. 
;U) - v^P^1f>, 1,1-tf* (4-^-p- h'J7^ 
7x^;U) -4- y ^-fri/iru^V^* fcf* (4-^ 
^•;UT ^ S-2- ^W7x^l/) - 7^^;M^> 4 N, 

n,n-m; (p-hy*)T5>, 4-<^-*>- h'j;P75 
y)_ 4 »-[4 h>j;P7^) 

N,N,N',N'-f-h^-f>- H|*-4,4'-J?7 5A tf 
7 x^;k N.NX.N'-'?* ai*-4,4'-y7 ^ 

xr.;iN-7 x~;u#;w^./~-;k 4,4*- [n- 

(1-^*7^^) -N- 7x^- T^^] t^x — ;!/, 4, 
4 ,, -fcTX [ N-~ (l-^^il') -N- 7x^1- 7$ p- 
*S-)l>, 4,4'- trx [H- z-fr) -N-?x 

T $ S] f 7x~;k 4,4'- fc^* [N- (3-T*fe^ 
_N_ :7x^;U- 7* tT7x^;l/ % 1,5-fcT 
X [ N- (l-j~y?Jl<) -N- 7x^- 7 3 -/] U 
> v 4,4'- b^* [ H- (9-7 > b V )l>) -H- y *~)l-7 
ty*~)^ 4,4"-tf* [ H- (l-7> b V^) -N 

- ? x—^- t^^3 p - ^-^x—;^ 4,4'- trx 

[N- (2-7*t>FVW -4*- 7x^k 75>>] fcT-7 

4,4'- tr^ [n- (s-^;U^-^ -n- y 

xr.;k7^] t'7x^k 4,4'- bTX [N-(2-b"U 
-K_ 7*^- 7ZS] \£7*~3V % 4,4'- fcf* 
[N_ (2-^'JUx;l/) -N- 7xr.;k 7;^] t^7x^ 
4,4'-^X [N - (1-3D^^) -N- ^x^.;U- 



10 



20 



30 




1 -25 1 067 

8 

y*l>>. 2,6 - fcfX [N- (l-*?**) -N- (2-^7 

y*)l) 7 3^1 f-7xr.;l/ t 4.4'- tfX {N-7xi 
JU-N- [4- (l-^b ^"JU) 7x^] 7 3 V) t^^x^- 
;k 4,4'- tr* [N-7x^Jl/-N- - 7$ 

c>x^/u. 2,6-tf* LN.N-t^ (2-r^^/w) 73 
-/] y)l*\sls. 4,4"- t<X (N.li-V-p- hV^7 5 
y) £-:7x^Jl/, tTX (M-l-^?^) (N-2-^^^ 

[0016] utit aa^ssEtcttfflr 

[0017] immrn] wrKm&m*mtfx*mi*: 

->a«DeKrak3sr mt5K&mtzm^tc 0 &*<on& 

i¥ffi&Ctt v ^r-^U— ttV— ^y-^2400, b^^>BM 
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